Recent studies have suggested that HDL cholesterol is inversely associated with the development of type 2 diabetes. However, little is known about the association between different HDL subclasses and the risk for future type 2 diabetes.
composition, and lipid content. In particular, apolipoprotein A-I is the structural apolipoprotein in HDL particles and constitutes ;70% of the apolipoprotein content of HDL particles (5, 6) . Ultracentrifugation can be used to separate HDL particles into two main subclasses by density: a small, dense, and relatively cholesterol-poor form classified as HDL3 (1.125-1.21 g/mL) and a large, light, and relatively cholesterolrich form classified as HDL2 (1.062-1.125 g/mL) (7) .
Accumulating evidence suggests that the risk for cardiovascular disease (CVD) might be different according to HDL subclasses, and most cross-sectional and prospective studies have suggested that HDL2 may be more protective than HDL3 (8) (9) (10) . Recent studies have demonstrated that HDL directly modulates glucose metabolism (11, 12) . Accordingly, epidemiological studies have shown that HDL cholesterol is associated with a lower risk of type 2 diabetes in various ethnic and age-groups (13) (14) (15) .
To date, however, little is known about the associations between different HDL subclasses and the risk for future type 2 diabetes. Therefore, the aim of this study was to determine the differential association between HDL subclasses, that is HDL2 and HDL3 cholesterol, and future development of type 2 diabetes.
RESEARCH DESIGN AND METHODS

Study Subjects
The study population consisted of Japanese American men and women enrolled in the Japanese American Community Diabetes Study, a cohort of second-(Nisei) and third-generation (Sansei) Japanese Americans of 100% Japanese ancestry. A detailed description of the selection and recruitment of the study subjects has been published previously (16). In brief, study participants were selected as volunteers from a community-wide comprehensive mailing list and telephone directory that included nearly 95% of the Japanese American population in King County, WA. Among 658 subjects in the original cohort, 166 were excluded because they had diabetes at baseline, and thus, 492 subjects without diabetes at baseline were available for this analysis. Subjects were followed up at 2.5 years (Nisei men only), 5-6 years, and then again at 10-11 years after a baseline examination, and finally, 406 subjects (208 men, 198 women) without diabetes, aged 34-75 years, were enrolled in this study. Of the 86 subjects who did not complete the 10-year follow-up examination, 30 died and 56 were lost to follow-up. The study received approval from the University of Washington Human Subjects Division, and written informed consent was obtained from all subjects.
Clinical and Laboratory Examination
All evaluations were performed at the General Clinical Research Center, University of Washington, Seattle, WA. A complete physical examination was performed at baseline. A standardized questionnaire was used to determine personal medical history and lifestyle factors that possibly affect HDL cholesterol level, including cigarette smoking, alcohol consumption, and physical activity. Smoking was classified into three groups (current smoker, past smoker, and never smoker). Previous metaanalysis of prospective observational studies suggested that moderate alcohol consumption (6-48 g/day) reduces the risk of type 2 diabetes, and thus, we used this criterion to define moderate alcohol consumption (17) . The Paffenbarger physical activity index questionnaire was used to determine physical activity level (usual kilocalories expended weekly) (18) , and regular physical activity was defined as more than moderate-intensity physical activity.
BMI was calculated as weight in kilograms divided by the square of the height in meters. Waist circumference was measured at the level of umbilicus. Blood pressure was measured with a mercury sphygmomanometer with the subject in a recumbent position. Average blood pressure was calculated from the second and third of three consecutive measurements. Visceral adipose tissue (VAT) area at the level of the umbilicus was measured at baseline using computed tomography.
Biochemical measurements were performed at the time of sample collection using fresh samples as reported previously (19) . All blood samples were obtained after an overnight fast of 10 h. Plasma glucose was measured by the hexokinase method using an autoanalyzer (Department of Laboratory Medicine, University of Washington). Plasma insulin was measured by radioimmunoassay (Immunoassay Core, Diabetes Endocrinology Research Center, University of Washington). The HOMA-insulin resistance (IR) based on fasting glucose and insulin concentration was used to estimate insulin sensitivity (20) . Lipids and lipoproteins measurements were performed according to modified procedures of the Lipid Research Clinics and apolipoproteins A-I and B by radioimmunoassays (Northwest Lipid Research Laboratory, Seattle, WA). Total HDL cholesterol was determined in the supernatant after precipitation of apolipoprotein B-containing lipoproteins with dextran sulfate. A second precipitation with high-molecular-weight dextran sulfate was performed on the supernatant containing HDL to separate the HDL2 and HDL3 subclasses (21) .
Diabetes status was determined by 75-g oral glucose tolerance tests (OGTTs) that were performed at baseline and at 2.5 years (Nisei men only), 5-6 years, and 10-11 years after the enrollment. In this study, type 2 diabetes was defined by the presence of one of the following: 1) fasting glucose level $ 7.0 mmol/L; 2) treatment involving oral hypoglycemic agents or insulin therapy; or 3) 2-h postglucose load $11.1 mmol/L (22) .
Statistical Analyses
Data are expressed as means (SD) for continuous measures or as proportions for categorical variables. Differences between groups were tested by the Student t test or Mann-Whitney U test for continuous variables and the x 2 test or Fisher exact test for categorical variables. Pearson correlation coefficients were performed to determine the associations between the independent variables. Multiple logistic regression analysis with backward selection was used to determine whether plasma total HDL cholesterol and HDL cholesterol subclasses were independently associated with incident type 2 diabetes. Odds ratios (ORs) with 95% CIs were calculated for independent variables included in logistic models, with a 1-SD increment used for OR calculations for continuous measurements. The presence of interaction was assessed in multivariate models by testing the significance of first-order interaction terms. Presence of nonlinearity was assessed by insertion of a quadratic transformation of the main exposures of interests into models that contained the linear term. All statistical analyses were performed using PASW 18.0 software (IBM Corp., Armonk, NY). A P value of ,0.05 was considered significant. Table 1 reports the baseline characteristics of study subjects. Mean age was 51.6 years, and approximately half of subjects were women. In terms of personal history possibly affecting plasma HDL cholesterol level, 18.0% of subjects were moderate alcohol drinkers, 13.1% were current smokers, and 23.6% performed regular physical activity of more than moderate intensity. In 8.9% (36 of 406) of subjects, total HDL cholesterol levels were ,1.04 mmol/L, and HDL2 cholesterol comprised 25.0% of total HDL cholesterol.
RESULTS
During 10 years of follow-up, the status of type 2 diabetes could be assessed in 406 subjects, with 91 subjects developing diabetes, leading to a cumulative incidence of 22 Table 3) . After further adjustment for VAT in the models in Table 3 , Tables 3 to   assess presence of nonlinearity were not statistically significant. Finally, we determined whether the HDL cholesterol-to-apolipoprotein A-I ratio, a marker of HDL particle size, was associated with the risk for type 2 diabetes. The ratio was inversely and independently associated with type 2 diabetes incidence after the adjustment for the aforementioned risk factors (OR per 1-SD increment, 0.58 [95% CI 0.38-0.88]; P = 0.010; Supplementary Table  2) . Furthermore, the quadratic transformation of the HDL cholesterol-toapolipoprotein A-I ratio when inserted into the model (Supplementary Table  2 ), was statistically significant (P = 0.019), indicating that the association between this ratio and diabetes odds was nonlinear. The OR for the HDL cholesterol-to-apolipoprotein A-I ratio in this model for a 1-SD increment was 0.30 (95% CI 0.12-0.76; P = 0.011).
CONCLUSIONS
In the current prospective study performed in Japanese American men and women, total HDL cholesterol and HDL2 cholesterol were inversely associated with future development of type 2 diabetes determined by OGTT, and this association was independent not only of lifestyle factors potentially affecting HDL cholesterol level but also of wellestablished risk factors for type 2 diabetes during 10 years of follow-up. However, HDL3 cholesterol did not show any association with future diabetes risk. Furthermore, the HDL cholesterol-toapolipoprotein A-I ratio was inversely associated with the risk of type 2 diabetes in a nonlinear fashion, with a greater risk reduction seen with increasing values for this ratio.
In addition to cardioprotection, many epidemiological studies have shown that HDL cholesterol is inversely associated with incident type 2 diabetes (13) (14) (15) . The individual roles of HDL subclasses were inversely associated with type 2 diabetes risk. Among men, the opposite association was seen for total HDL and HDL 3 , with both lipid measurements positively correlated with type 2 diabetes risk. However, these associations were not significant after further adjustment for alcohol consumption. Therefore, the authors concluded that the association between HDL or HDL subclasses and incident type 2 diabetes in men was largely dependent on alcohol consumption (23). The results in Pima women agree with our observation of an inverse association between HDL2 cholesterol and diabetes risk but differ regarding the HDL3 cholesterol result, because we did not observe an association between HDL3 cholesterol and type 2 diabetes risk. The result in Pima men regarding HDL 3 also differs from our univariate analysis, where we found no association between HDL3 cholesterol and type 2 diabetes risk. The Pima investigators, though, did not specifically examine HDL subclass-to-total HDL cholesterol ratios in association with type 2 diabetes risk. Potential explanations for these discrepancies include the differences in ethnic groups under study, the limited power of the Pima analysis in men that included only 50 subjects, and the definition of diabetes based on a 2-h glucose value $11.1 mmol/L in a 75-g OGTT or routine medical care. Nonuse of the fasting plasma glucose to identify diabetes may have resulted in misclassification of subjects with diabetes at baseline because as subjects without diabetes and also of subjects achieving the primary end point, thereby potentially producing bias that might explain the differences with our results. In our study, although higher total HDL cholesterol was associated with a lower diabetes risk, this risk for diabetes differed according to different HDL cholesterol subclasses. That is, although subjects with higher HDL2 cholesterol were associated with a lower risk for incident type 2 diabetes, HDL3 cholesterol did not show any association with future diabetes risk, and thus, the association between total HDL cholesterol and lower diabetes risk appears to mainly arise from a higher HDL2 cholesterol level (Table 3) . Therefore, the measurement of HDL subclasses in a clinical setting may provide additional information over simple measurement of total HDL cholesterol to assess future diabetes risk in addition to the risk for future development of CVD. These differences also might be of potential importance in furthering our understanding of the pathogenesis of type 2 diabetes in relation to HDL and its subclasses. Similarly, previous studies suggested that the HDL cholesterol-to-apolipoprotein A-I ratio reflects the core-to-surface ratio, or the particle size of HDL particles (24, 25) . This ratio was lower in subjects with metabolic syndrome compared with subjects without metabolic syndrome. This result suggests that subjects with metabolic syndrome have smaller and denser HDL particles than those without metabolic syndrome (25) . In addition, subjects with impaired fasting glucose who had a higher HDL cholesterol-toapolipoprotein A-I ratio showed favorable metabolic profiles and a lower risk for incident type 2 diabetes (15). In agreement with previous studies, the ratio was an independent negative predictor for incident type 2 diabetes in this study (OR per 1-SD increment, 0.58 [95% CI 0.38-0.88], P = 0.010; Supplementary Table 2 ).
The associations between diabetes risk and both total HDL and HDL2 cholesterol became insignificant after adjustment of multivariate models for VAT at baseline. Previous research in this cohort has demonstrated an association between HDL cholesterol concentrations and the size of the visceral fat depot, the latter being a known risk factor for type 2 diabetes (26, 27) . Whether total HDL cholesterol and HDL2 cholesterol serve only as a correlate of visceral adipose depot size or have other effects will require further study.
To date, numerous basic studies have investigated the mechanism by which HDL regulates glucose metabolism, but the mechanisms by which HDL may protect against incident type 2 diabetes in humans is still elusive. However, previous studies have demonstrated that an intravenous infusion of reconstituted HDL in humans decreased plasma glucose and increased plasma insulin and HOMA estimated b-cell function more than placebo (12) . In addition, infusion of reconstituted HDL altered fastinginduced fatty acid turnover and oxidation (28) , which have been implicated as key players in the regulation of glucose metabolism (29) . HDL particles also have known anti-inflammatory properties (11) , which may reduce the systemic inflammatory state implicated in the pathogenesis of insulin resistance and progression to type 2 diabetes (30) .
Our study has some limitations. First, our results, which were obtained in a 100% Japanese American cohort, may not be generalizable to other ethnic groups, and there may be a possibility that HDL subclasses have different associations with incident type 2 diabetes among different ethnic groups. Second, it was suggested that methodological differences to measure HDL subclasses may partly explain the inconsistent results between HDL subclasses and CVD in epidemiological studies and clinical trials (5) (6) (7) (8) (9) (10) . In this study, we used a differential precipitation method to measure HDL subclasses; however, good agreements have been reported between HDL subclasses measured by dextran precipitation and preparative ultracentrifugation especially for HDL2 (31) and a novel homogeneous assay for HDL3 (32) . Lastly, although loss to follow-up occurred during the 10-year span of the study, it was at an acceptably low level (17%).
In summary, our results suggest that total HDL cholesterol is associated with a lower risk for incident type 2 diabetes in Japanese Americans during 10 years of follow-up and that this association may be largely attributable to the HDL2 cholesterol subclass, but not by HDL3 cholesterol. These data provide prospective evidence for a potential benefit of the HDL2 subclass on glucose metabolism in this population, possibly mediated by direct and indirect (anti-inflammatory) effects, as shown by others.
